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Background: anti-VEGF medications

• Systemic administration of anti-VEGF agents have known adverse kidney side effects

— Acute kidney injury
— Proteinuria
— Hypertension
— Vascular clotting events
— Glomerular disease
— Risk factors for: kidney failure (need for renal replacement therapy with dialysis or kidney 

transplant, aka end stage kidney disease or end stage renal disease)
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Intravitreal Anti-VEGF and Systemic Absorption

https://www.randeye.com/intravitreal-injection/
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Detectable/elevated serum drug levels
Decreased plasma concentrations of free-VEGF

Bevacizumab > aflibercept >> ranibizumab

Drug Size Systemic Elimination 
(half-life)

Ranibizumab 48 kDa 2 hours

Aflibercept 115 kDa 5-6 days

Bevacizumab 149 kDa 20 days

Question: Is there evidence for preferentially choosing ranibizumab to lower the risk of kidney failure?



Pilot Study (OHDSI SOS Challenge):
Intravitreal anti-VEGF and Kidney Failure

• Is the risk of kidney failure associated with intravitreal anti-VEGF exposure in patients with 

blinding diseases (DR/DME, AMD, VO) different among patients who receive ranibizumab, 

aflibercept, and bevacizumab?

Hypothesis: in pairwise comparisons, lower risk of kidney failure in patients with blinding 
diseases who are exposed to ranibizumab, as compared to aflibercept or bevacizumab



OHDSI Tools: Atlas

New users of anti-VEGF (3 monthly loading doses)
DR/DME, AMD, VO
≥1 year observation prior observation
Exclude systemic malignancies

Atlas: publicly available, web-based tool



OHDSI Tools: Strategus pipeline, HADES packages

Analysis #1:
• Incidence rate of kidney failure 

while on treatment with anti-
VEGF



Analysis #2:
• Large-scale propensity score 

method to match patients in 
each comparison group using 
1:1 propensity score matching

• Cox proportional hazards 
models to estimate risk of 
kidney failure while on 
treatment

• Random effects meta-analysis 
was performed to combine per 
site hazard ratio estimates into 
a single network-wide estimate

OHDSI Tools: Strategus pipeline, HADES packages



Anti-VEGF OHDSI Study: Process

Collectively: 485 million patients

Administrative Claims Databases
IBM Health MarketScan Medicare 
Supplemental and Coordination of Benefits 
Database (MDCR)

IBM Health MarketScan Commercial Claims 
and Encounters Database (CCAE)

IBM Health MarketScan Multi-State Medicaid 
Database (MDCD)

Optum’s de-identified Clinformatics® Data 
Mart Database - Socio-economic Status (SES)

Japan Medical Data Center (JMDC)

IQVIA PharMetrics® Plus for Academics 
Database (NEU)

Electronic Health Record Databases
Optum® de-identified Electronic Health Record 
data set (Optum EHR)

Johns Hopkins Medical Enterprise (JHME)

Department of Veterans Affairs (VA)

Columbia University Medical Center (CUMC)

Stanford University (STARR)

University of Southern California (USC)



Anti-VEGF OHDSI Study: Results

• 6.1 million patients with blinding diseases (DR/DME, AMD, VO)

— 240,247 new users of monthly anti-VEGF

• 37,189 received ranibizumab

• 39,447 aflibercept

• 163,611 bevacizumab

— 1209 kidney failure outcomes

• Age-sex standardized incidence proportion of kidney failure: 680 per 100,000 persons

— [US Renal Data System: age-sex standardized incidence proportion of 36.3 per 100,000 persons in 

2020]



Anti-VEGF OHDSI Study: Results



Conclusions

• No difference in the risk of kidney failure among patients who receive ranibizumab, aflibercept, 

bevacizumab

• Ophthalmologists are free to choose between intravitreal anti-VEGF agents



Conclusions

• Speed and scale of observational health research when there is a CDM, well-established distributed 

data network, open-source tooling

— Analysis in 9 weeks

— Project initiation to publication 1 year

• Great value and potential for distributed data network studies in ophthalmology
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Purpose: To characterize the incidence of kidney failure associated with intravitreal anti-VEGF exposure; and
compare the risk of kidney failure in patients treated with ranibizumab, aflibercept, or bevacizumab.

Design: Retrospective cohort study across 12 databases in the Observational Health Data Sciences and
Informatics (OHDSI) network.

Subjects: Subjects aged ! 18 years with ! 3 monthly intravitreal anti-VEGF medications for a blinding disease
(diabetic retinopathy, diabetic macular edema, exudative age-related macular degeneration, or retinal vein occlusion).

Methods: The standardized incidence proportions and rates of kidney failure while on treatment with anti-
VEGF were calculated. For each comparison (e.g., aflibercept versus ranibizumab), patients from each group
were matched 1:1 using propensity scores. Cox proportional hazards models were used to estimate the risk of
kidney failure while on treatment. A random effects meta-analysis was performed to combine each database’s
hazard ratio (HR) estimate into a single network-wide estimate.

Main Outcome Measures: Incidence of kidney failure while on anti-VEGF treatment, and time from cohort
entry to kidney failure.

Results: Of the 6.1 million patients with blinding diseases, 37 189 who received ranibizumab, 39 447 aflibercept,
and 163 611 bevacizumab were included; the total treatment exposure time was 161 724 person-years. The average
standardized incidence proportion of kidney failure was 678 per 100 000 persons (range, 0e2389), and incidence rate
742 per 100 000 person-years (range, 0e2661). The meta-analysis HR of kidney failure comparing aflibercept with
ranibizumab was 1.01 (95% confidence interval [CI], 0.70e1.47; P¼ 0.45), ranibizumab with bevacizumab 0.95 (95%
CI, 0.68e1.32; P ¼ 0.62), and aflibercept with bevacizumab 0.95 (95% CI, 0.65e1.39; P ¼ 0.60).

Conclusions: There was no substantially different relative risk of kidney failure between those who received
ranibizumab, bevacizumab, or aflibercept. Practicing ophthalmologists and nephrologists should be aware of the
risk of kidney failure among patients receiving intravitreal anti-VEGF medications and that there is little empirical
evidence to preferentially choose among the specific intravitreal anti-VEGF agents.
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